Both 2-AG (1) and anandamide (2) exhibit cannabimimetic activities and act as endogenous ligands for cannabinoid receptors in various mammalian tissues. 1 2-AG is known to be an intrinsic natural ligand for the cannabinoid receptors, while anandamide was shown to be a weak partial agonist. 2, 3 MS is an important technique for analyzing these endogenous ligands. Gas chromatography-MS (GC-MS) 4,5 and liquid chromatography-MS (LC-MS) 6, 7 have been used as methods for detecting these compounds.
polyhydroxypolyene 17 from marine sources, and alkenylresorcinol, 18 or alkenylsalicylic acid 19 from natural plants. In our previous study, 20 analyses of anandamide (2) and endocannabinoid-like compounds using high-energy CID-MS/MS in FAB-MS were performed. The CID-MS/MS spectra of lithium-adduct [M+Li] + ions were rich in structurally informative CRF patterns, which provided information on the locations of double bonds in the hydrocarbon chain, which is useful for determining the structure.
As a part of research work relating to the high-energy CID-MS/MS reactions of endogenous cannabinoids and several endocannabinoid-like compounds, in the present paper we describe the optimal measurement conditions for the analysis of 2-AG (1) using the CID-MS/MS technique in FAB-MS, focusing on adduct metals, i.e., alkali metals (group 1 elements) and alkaline earth metals (group 2 elements), and matrices. The ability of alkali and alkaline earth metal cations to form a stable charge-site to provide structurally informative CRF ions in the CID-MS/MS measurement is examined. Since 2-AG contains a 1,3-dihydroxyl moiety, the formation of cyclic β-chelation between 2-AG and alkaline earth metal could be expected to give the tightly localized charge-site necessary for CRF. It is well known that coexisting metal halides, such as lithium chloride and magnesium bromide, play an important role in the stereochemical outcome of the nucleophilic addition of an organometallic to α-and β-oxycarbonyl compounds through cyclic chelation models. 21 , 22 The results have been rationalized in terms of the chelation mechanism by lithium, an alkali metal, and magnesium, an alkaline earth metal.
We also analyzed anandamide (2) with the addition of alkali (other than lithium) and alkaline earth metal to investigate the influence of the adduct metal. Although CRF of fatty acids or fatty alcohols has been reported, 15, 16, 23 we newly investigated CRF of a fatty acid ester (2-AG) and an amide (anandamide).
The structures of 2-AG (1) and anandamide (2) are presented in Scheme 1.
Experimental
Reagents 2-AG (1) was purchased from Calbiochem Co. (La Jolla, CA, USA) and Cayman Chemical Co. (Ann Arbor, MI, USA), and anandamide (2) from Sigma Chemical Co. (St. Louis, MO, USA).
The matrices used were m-NBA, magic bullet [dithiothreitol (dtt)/dithioerythritol (dte) (3:1)], dtt/triglycerol (tg) (1:1), and glycerol; they were obtained from Tokyo Kasei (Tokyo, Japan). The salts used were LiCl, NaCl, MgCl2, CaCl2, and BaCl2; they were obtained from Wako Pure Chemical Industries, Ltd. (Osaka, Japan). Xenon and helium were of analytical grade. A 2-μl acetonitrile solution containing approximately 10 μg of the compound to analyze was mixed with the matrix, and a small amount of saturated aqueous salt solution was added. The sample was then introduced into the ion source using the direct-insertion technique.
CID-MS/MS measurement in FAB-MS
The FAB mass spectra and CID-MS/MS spectra were recorded using a JEOL JMS-SX102 double-focusing (BE geometry) mass spectrometer (JEOL Ltd., Tokyo, Japan) equipped with a JEOL accessory data system and a Xenon FAB gun (3 kV), which was operated with an accelerating voltage of 10 kV and a resolution (10% valley) of 1000. With FAB ionization, a linked scan at a constant B/E was used to generate the MS/MS spectra, using sufficient helium as a collision gas to reduce the intensity of the precursor ion beam to between 30% and 50%.
Results and Discussion
Analyte cationization competes with cationization of the matrix. Therefore, analyte cationization can be enhanced by choosing a matrix with a lower cation affinity, or by selecting a cation with a higher affinity for the analyte.
CID-MS/MS of 2-AG cationized with alkali metals
Since a tightly localized charge-site is necessary for CRF, choosing a metal with a high affinity for an analyte is important. First, FAB-MS of 2-AG with the addition of an alkali metal (i.e., Li + , Na Fig. 1(a) and Fig. 3 ]. To investigate the affinity of the cation for the analyte, the relative ion abundance of cationized analyte, protonated analyte, cation, and cationized matrix were measured and compared (Table 1) + ion was barely observed in the lithium-adduct 2-AG. The affinity of the small cation, i.e., Li + or Na + , for the analyte was higher than that for m-NBA (Table 1) 24 K + , Rb + , and Cs + may be too large to localize tightly as a charge-site. Thus, for the CID-MS/MS measurement of 2-AG in FAB, lithium and sodium are suitable as adduct metals.
Examination of suitable matrices
Based on the above results, the optimal matrix was examined using lithium as a cationizing agent. FAB-MS of lithiumadduct 2-AG using several matrices, i.e., magic bullet, dtt/tg (1:1), and glycerol, was performed in addition to m-NBA, and 923 ANALYTICAL SCIENCES JULY 2006, VOL. 22 + was superior to that of the [matrix+Li] + ion when m-NBA was used as a matrix. This result was due to the characteristics of the lithium cation. The affinity of Li + for m-NBA was lower than that for the other matrices tested. The high affinity of the cation for the analyte resulted in the tightly localized charge-site necessary for CRF. The CID-MS/MS spectra of the lithium-adduct + ion are shown in Fig.  2 .
As expected, the CID-MS/MS spectrum of [2-AG+Li] + ion using m-NBA as a matrix was clearly visible. To identify 2-AG using the CID-MS/MS measurement under FAB ionization, m-NBA appeared to be the most suitable matrix.
Our attention was focused on the abundant ion at m/z 311 observed in each CID-MS/MS spectrum of the lithium-adduct + ion in Fig. 2 , which was not related to the CRF ion. We next examined the structure of this abundant ion.
Formation of cationized arachidonic acid species
Examining the CID-MS/MS spectra shown in Fig. 4 , the ions at m/z 327 in the sodium adduct [ Fig. 4(a) ], at m/z 343 in the potassium adduct [ Fig. 4(b) ], at m/z 389 in the rubidium adduct were also observed, although they were not the most abundant ions. Each gap from the ion at m/z 311 was equal to the difference between the atomic mass of each metal and that of lithium, i.e., 16 u in the sodium adduct, 32 u in the potassium adduct, 78 u in the rubidium adduct, and 126 u in the cesium adduct, respectively, indicating that each ion involved each adduct metal.
One possible explanation is that a McLafferty rearrangement may have occurred to give the cationized arachidonic acid ion at m/z 311, as shown in Scheme 2.
In addition, the MS spectrum in Fig. 1 shows the lithium adduct ion of a lithium carboxylate at m/z 317. This ion probably originated from the thermal decomposition product of 2-AG in the ion source under FAB energy. We utilized this ion to obtain structural information on the double-bond locations in the unsaturated fatty acid ester moiety in 2-AG. The CID-MS/MS spectrum of the ion at m/z 317 is shown in Fig. 5 other) produced a pair of peaks, ′AV9 at m/z 165 and AV9 at m/z 166; the peak at m/z 166 corresponds to a radical cation fragment that probably arises due to simple bond cleavage, in contrast to the even-electron CRF ion at m/z 165.
Since typically informative CRF was observed when CID-MS/MS of the dilithiated fatty acid [M-H+2Li]
+ ion was performed, 15, 16 the structure of the ion at m/z 317 was assumed to be a dilithiated arachidonic acid ion.
CID-MS/MS of cationized 2-AG with alkaline earth metals
Alkaline earth metals (i.e., Mg 2+ , Ca 2+ , Sr 2+ , and Ba 2+ ) were investigated as adduct metals. Since 2-AG has a dihydroxyl moiety, it was expected that a divalent alkaline earth metal would be suitable for forming a β-chelation to give a tightly localized charge-site. FAB mass spectra of 2-AG cationized with an alkaline earth metal using m-NBA as a matrix are shown in Fig. 6 . The relative ion abundance obtained in each mass spectrum was compared; the results are given in Table 2 .
Subsequently, the CID-MS/MS of cationized 2-AG ion (Cat = Mg 2+ , Ca 2+ , Sr 2+ , Ba 2+ ) was carried out. As shown in Fig. 7 , slight CRF occurred when magnesium or barium was used as an adduct metal. The use of other matrices, i.e., magic bullet, dtt/tg (1:1), and glycerol, did not result in any improvement in the CRF.
Upon examining both the mass spectra and the CID-MS/MS spectra, abundant ions at m/z 327 in the magnesium adduct 
Formation of cationized arachidonic acid species
To obtain structural information on these ions, CID-MS/MS 925 ANALYTICAL SCIENCES JULY 2006, VOL. 22 Although the CID-MS/MS reaction of the ion at m/z 441 in the barium adduct was also performed, a clear CRF pattern was not observed. This result may be because the barium ion could not bind to arachidonic acid sufficiently tightly due to the relatively large atomic radius.
The formation of abundant arachidonic acid metal species via the McLafferty-type rearrangement appeared to disrupt the CRF reaction of alkaline earth metal-cationized 2-AG.
CID-MS/MS of cationized anandamide with alkali metals
The FAB mass spectra of the alkali metal-adduct anandamide using m-NBA as a matrix are shown in Fig. 9(a) and Fig. 11 , and the relative ion abundances are presented in Fig. 10(a) and Fig. 12 . CRF necessary for structural identification occurred when lithium or sodium was used as an adduct metal, while fragmentation did not occur when potassium, rubidium, or cesium was used.
The influence of the matrix on the formation of [anandamide+Li] + ion was examined. FAB-MS of lithiumadduct anandamide using several matrices was performed (Fig.  9) + ion was performed (Fig. 10) . CRF ions were clearly visible, especially when m-NBA or the magic bullet was used as a matrix.
CID-MS/MS of cationized anandamide with alkaline earth metals
FAB-MS of anandamide cationized with alkaline earth metals (i.e., Mg 2+ , Ca 2+ , Sr 2+ , and Ba 2+ ) using m-NBA as a matrix was performed (Fig. 13) , and the relative ion abundances obtained in each mass spectrum were compared (Table 4) . Subsequently, 927 ANALYTICAL SCIENCES JULY 2006, VOL. 22 + ion, resulted in informative CRF (Fig. 14) , whereas the CRF pattern was barely observed in the corresponding 2-AG species (Fig. 7) .
Comparison of the behavior of arachidonic acid ester (2-AG) and amide (anandamide) in FAB-MS
In the FAB-MS of 2-AG cationized with either an alkali metal or alkaline earth metal, abundant cationized arachidonic acid species were produced by cleavage of the ester bond via the McLafferty-type rearrangement. However, with cationized annadamide and a series of endocannabinoid-like compounds 20 (e.g., N-oleoylethanolamine, N-oleoylpropanolamine, and Nlinoleoylethanolamine) the corresponding McLafferty-type rearrangement ions were not produced.
The differences in the behavior of the amide and ester are in good agreement with their physicochemical properties. The lone pair in the amide nitrogen contributes to the formation of partial π-bonding between the amide nitrogen and the carbonyl carbon, and thus the ester oxygen in 2-AG would be more reactive than the amide nitrogen in anandamide in the initiation of cyclic chelation.
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Conclusion
We report here a method for the analysis of endogenous ligands, i.e., 2-AG and anandamide, based on the high-energy CID-MS/MS technique in FAB ionization. The CID measurement of lithiumor sodium-adduct clearly visible when m-NBA is used as a matrix.
In the CID-MS/MS of magnesium-, calcium-, or bariumadduct 2-AG ion, the cleavage of the ester bond via the McLafferty-type rearrangement occurs to give an abundant [arachidonic acid-H+Cat] + species in addition to informative CRF ions in small amounts. On the other hand, in the CID-MS/MS spectrum of magnesium-, calcium-, or barium-adduct anandamide ion, a CRF pattern is observed, since cleavage of the amide bond does not occur.
Each mass spectrum distinguished by this technique is useful for identifying endogenous ligands.
